The Wolff rearrangement of α-aminodiazoketones derived from N α -urethane protected α-amino acids in the presence of pentafluorophenol catalyzed by silver acetate at low temperature results in the homologation of Fmoc-/ Boc-/Z-α-amino acids to β-amino acids with concomitant formation of the corresponding pentafluorophenyl esters in good yield and purity.
Introduction
The homologation of α-amino acids is an important strategy for the asymmetric synthesis of β-homoamino acids which are useful as building blocks for the synthesis of β-peptides and several antibiotics [1] [2] [3] [4] [5] [6] . The Arndt-Eistert approach for the synthesis of β-amino acids through Wolff rearrangement of N α -protected aminodiazoketones derived from N-protected α-amino acids has been well documented in the literature [7] [8] [9] [10] . The acylation of diazomethane using acid chlorides or acid anhydrides is a familiar procedure for the synthesis of α-diazoketones. As the use of Bocand Z-amino acid chlorides has long been regarded as obsolete in peptide synthesis, the mixed anhydride method using isobutyloxycarbonyl chloride [11] or ethyl chlorocarbonate [12] was employed for the preparation of N-protected α-aminodiazoketones. However, the reaction results in low yield in the case of Fmoc-protected amino acids because of the eminent sensitivity of the Fmoc group towards basic conditions. As the powerful activation present in acid chlorides is well known, Leggio et al. (1997) employed Fmoc-amino acid chlorides for the synthesis of several simple Fmoc-β-amino acids [9] . Since acid fluorides of Boc-and Z-amino acids are stable compounds, a * To whom correspondence should be addressed.
common route for the synthesis of Boc-, Z-and Fmoc-α-aminodiazoketones was described recently by us [13] . Similarly, the use of pentafluorophenyl esters of Boc-, Z-and Fmoc-α-amino acids for the acylation of diazomethane synthesizing the corresponding N-protected α-aminodiazoketones has also been described by us [14, 15] . Due to the growing interest in the structural features of peptides containing β-amino acids, this protocol was reinvestigated thoroughly with respect to the chiral integrity [16, 17] . Seebach et al. (1996) described stepwise synthesis of β-peptides through the Wolff rearrangement of N α -protected α-aminodiazoketones in the presence of salts of β-amino acid esters [18, 19] . The homologated β-amino acid was formed with concomitant peptide bond formation. Besides this, concomitant β-amino acid-nucleotide hybrid formation was also achieved [20] . In these reactions nearly three equivalents of nucleophiles (amino acid ester or nucleotide) have been employed. However, it is also found that the synthesis of β-peptides consisting of β-amino acids alone using DCC for activation of the carboxyl component has some disadvantages in some cases [19, 20] . It is known that N α -protected α-amino acid pentafluorophenyl esters are useful as rapid and efficient acylating agents when compared to the other active esters like O-nitrophenyl, 2,4,5-trichlorophenyl, pentachlorophenyl, N-hydroxysuccinimide esters etc., and symmetrical and mixed anhydrides in both solution and polyamide as well as polystyrene-based solid phase peptide synthesis [22, 23] . They are known to be the suitable agents in fully automatic Merrifield peptide synthesis. Their utility was further exploited in glycopeptide synthesis as well [24] . They have been prepared by stirring a mixture of N α -protected α-aminodiazoketones in the presence of pentafluorophenol, leading to the concomitant formation of the β-homoamino acid esters in a single step.
Materials and methods
The melting points were determined using a LeitzWetzlar melting point apparatus and are uncorrected. Analytical RP-HPLC was performed with a Waters LC-3000 system using a Bondapack C-18-A column (3.9 × 300 mm) (10 µ, spherical) using as eluant acetonitrile (0.1% TFA/H 2 O (65/35, isocratic), flow rate 0.7 ml/min, 220 nm). IR spectra were recorded on a Nicolet model Impact 400 D FT-IR spectrometer (KBr pellets, 3 cm −1 resolution). 1 H NMR spectra were recorded on a Bruker ACF 200 MHz spectrometer using Me 4 Si as an internal standard. Elemental analysis was performed using a Perkin Elmer Analyser and the samples were dried before analysis.
Synthesis of pentafluorophenyl esters of Fmoc/Boc-/Z-β-homoamino acids: General procedure
The Fmoc-/Boc-/Z-α-aminodiazoketone (1 mmol) and pentafluorophenol (1.5 mmol) were dissolved in dry THF (5 mL). The mixture was cooled to -15 • C and then a solution of silver acetate (0.1 mmol) in Nmethylmorpholine (2 mmol) was added. It was stirred for about 2 h. After completion of the reaction, it was filtered and the solvent was removed under reduced pressure. The residue was dissolved in ethyl acetate (20 ml) and washed with 5% NaHCO 3 (3 × 10 ml), water (3 × 10 ml), 5% HCl (3 × 10 ml) and brine, and dried over anhydrous Na 2 SO 4 . The solvent was removed under vacuum and the resulting residue was recrystallized using hexane. All the esters made were obtained as crystalline solids. Their H NMR spectra were found to be satisfactory.
Results and discussion
The Boc-and Z-α-aminodiazoketones (Table 1) required for the present studies were made by the mixed anhydride method using isobutyloxycarbonyl chloride in the presence of N-methylmorpholine (NMM) at -15 • C and subsequent acylation with diazomethane. In the case of Fmoc derivatives, Fmoc-α-amino pentafluorophenyl esters were used as acylating reagents [14] . All the N α -protected diazoketones made were isolated and fully characterized.We performed the Wolff rearrangement of Fmoc-/Boc-/Z-α amino diazoketones in THF in the presence of 1.5 equivalents of pentafluorophenol. The reaction was catalyzed using silver acetate at -15 • C. The decomposition of the α-aminodiazoketone in the presence of pentafluorophenol led to insertion of the phenolic moiety, resulting in the formation of pentafluorophenyl esters of N β -protected β-homoamino acid (Scheme 1, Table 2 ). The course of the reaction was monitored by TLC and IR. The reaction was found to be complete in about 2 h. The IR spectrum of the β-amino acid active ester made has the CO group vibrational stretching frequency at around 1790 cm −1 . The CO stretching frequency of the corresponding α-amino acid esters was also observed in the same region. Simultaneously, the disappearence of the bands at around 2100 cm −1 and 1635 cm −1 , corresponding to CHN 2 and COCHN 2 , respectively, can also be observed. The simple aqueous workup of the reaction mixture gave the pentafluorophenyl esters of β-homoamino acids in good yield and purity (as checked by HPLC). The physical properties of Fmoc-β-HPhe-OPfp made by this method were found to be similar to the one obtained separately by the conventional method using Fmoc-β-HPhe, pentafluorophenol and DCC.
Conclusions
The reactive intermediate arising from the Wolff rearrangement of a diazoketone can be trapped in the presence of pentafluorophenol. By this strategy, homologated N β -protected-β-amino acid is obtained with concomitant active ester formation in a single step. These active esters, similar to the α-amino acid esters, will be particularly useful for the synthesis of β-peptides in both solution and solid phase methods.
